Key indicators: single-crystal X-ray study; T = 293 K; mean (Nb-O) = 0.002 Å; disorder in main residue; R factor = 0.023; wR factor = 0.055; data-to-parameter ratio = 16.1.
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Experimental
Crystal data 
Comment
Minerals of the aeschynite group exhibit the CaTa 2 O 6 -structure type with space group Pnma and Z = 4. They can be characterized by the general formula AB 2 (O,OH) 6 , where 8-coordinated A is a rare earth element (REE), Ca, Th, Fe, and 6-coordinated B is Ti, Nb, Ta, W. There are eight members of this group in the current list of minerals approved by the International Mineralogical Association (IMA), including aeschynite-(Ce) (Ce,Ca,Fe,Th) (Ma et al., 2007; Qi et al., 2010) and as semiconductors for their microwave dielectric properties in ceramics (Kan & Ogawa, 2008; Sumi et al., 2010) .
There have been a number of structure studies on synthetic aeschynite-group materials, such as CaTa 2 O 6 (Jahnberg, 1963), LaNbTiO 6 (Fauquier & Gasperin, 1970; Golobic et al., 2004) , and REETiTaO 6 (REE = La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu) (Thorogood et al., 2010) . However, due to prevalent metamictization in natural samples, only the crystal structures of aeschynite-(Ce) (Aleksandrov, 1962) , aeschynite-(Y) (Bonazzi & Menchetti, 1999 ), vigezzite (Giuseppetti & Tadini, 1990 , and rynersonite (Jahnberg, 1963) have been reported thus far. Among them, the structure of aeschynite-(Y) is of particular interest, because, besides the A and B sites, an additional, partially occupied cation site, designated as the C-site, was observed (Bonazzi & Menchetti, 1999) . The coordination environment of the Csite in this mineral is similar to that of the A-site, but the shortest C-O bond length (C-O4) is only ~2.10 Å, similar to that of the B-O bonds. As all five natural aeschynite-(Y) samples examined by Bonazzi & Menchetti (1999) contain excess B-type cations (B > 2.0 atoms per formula unit; apfu) and are deficient in A-type cations (A < 1.0 apfu) with respect to the ideal chemical formula, a B-type cation (W) was thus assigned to the C-site. Yet, due to the close proximity of the A-and C-sites (~2.5 Å apart), Bonazzi & Menchetti (1999) assumed that the occupancy of the C-site is coupled with a vacancy in the A-site, giving rise to the structure formula
Nioboaeschynite-(Ce) from the Vishnevy Mountains, Russia was first described by Zhabin et al. (1960) and later from the Tanana quadrangle, central Alaska by Rosenblum & Mosier (1975) . In both studies unit-cell parameters were determined, but not the crystal structures. Owing to its metamict nature, subsequent studies involving nioboaeschynite-(Ce) were mainly focused on chemical variations within the group and compositional trends between the aeschynite group and the closely-related euxenite group (Ewing & Ehlmann, 1975; Yang et al., 2001; Ercit, 2005; Škoda & Novák, 2007) . Notably, the aeschynite-(Ce) sample used in the structure refinement by Aleksandrov (1962) contained 50.5% Nb and 49.5% Ti, thus making it effectively nioboaeschynite-(Ce), according to current IMA nomenclature.
Regardless, the structure of this mineral was only determined on the basis of photographic intensity data with R = 12.5%. . This difference appears to correlate with the increase in the C-O4 distance associated with decreasing Ti content (or increasing Nb and Ta content) in the B-site, while the C-O3 bond length is essentially invariable with Ti content (Fig. 3) . In this study, we assigned some A-type cations to the Csite, because (1) the shortest C-O bond in our specimen is significantly longer than that in aeschynite-(Y) (Bonazzi & Menchetti, 1999) and (2) our sample contains excess A-type cations, rather than excess B-type cations, as in the aeschynite-(Y) samples analyzed by Bonazzi & Menchetti (1999) . Accordingly, we propose the structural formula AB 2 C x O 6 for the nioboaeschynite-(Ce) from the Upper Fir carbonatite. Our results, coupled with that of the Bonazzi & Menchetti (1999) study, indicate that there is great flexibility in the formula of the aeschynite groups minerals due to the occupancy variations permitted by the C-site. Furthermore, we detected a splitting of the A-site in our refinement, with Ca displaced slightly from Ce (0.266 Å apart). Although this site splitting may be related to the presence of some A-type cations in the C-site to minimize the cation-cation repulsion due to the short A-C distance (~2.4 Å), a 25% occupancy of A′ by Ca does not agree with the 3.8% occupancy of C. The observed site splitting in our sample is, therefore, more likely a result of the different crystal-chemical behavior of the Ce 3+ and Ca 2+ cations.
From a mineralogical point of view, ideal chemical formulas are treated differently from those reported for synthetic compounds by chemists. There are no two grains of a mineral that will have exactly the same measured chemical composition; therefore, the ideal chemical formula of a mineral, as defined by the IMA, comes with understood tolerances. Ideal formulas are necessary to distinguish and designate one mineral species from another. In the case of nioboaeschynite-(Ce), the current IMA formula is (Ce,Ca)(Nb,Ti) 2 (O,OH) 6 , where we understand Ca, Ti, OH to be minor chemical components. An ideal formula given in this format has two possible meanings. One is that the Ca substitution at the Ce-containing A-site is minor, but essential to constrain the mineral into its observed crystal structure, as likewise for
Ti at the Nb site, and OH is variable to account for charge balance. The other possibility is that the original workers described the formula this way because, while they could not decide if the minor elements were essential or not, the minor elements were common enough that they listed them in the formula anyway. However, the structural studies on synthetic aeschynite group crystals, including REETiTaO 6 (REE = La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu) compounds (Thorogood et al., 2010) and LaNbTiO 6 (Fauquier & Gasperin, 1970; Golobic et al. 2004) , prove that the aeschynite structure is stable in the complete absence of Ca, and with an ideal 1:1 ratio of Ti:(Ta,Nb there is no evidence of OH in the sample's Raman spectra or structural analysis.
Refinement
During the structure refinement, due to similar X-ray scattering lengths, all rare earth elements were treated as Ce. A preliminary refinement revealed the presence of some cations in the C-site. Since our sample contains excess A-type cations (0.05 apfu), we subsequently refined the occupancy of the C-site using the scattering factors of Ce with an isotropic displacement parameter, which reduced the R1 factor from 0.0313 to 0.0281 and yielded a site occupancy of 
Figure 1
The crystal structure of nioboaeschynite-(Ce). Purple octahedra and small blue spheres (with arbitrary radius) represent the [(Nb,Ti)O 6 ] groups and C-site cations, respectively. Large green displacement ellipsoids at the 99% probability level represent the A-site cations.
Figure 2
The crystal structure of nioboaeschynite-(Ce) represented with displacement ellipsoids at the 99% probability level. Blue, purple and green ellipsoids represent (Nb,Ti), A-site Ce, and O atoms, respectively. Purple spheres, with arbitrary radius, represent C-site Ce atoms. For clarity, the A-site splitting is not shown. 
